We consider a parametric amplifier driven by a periodically pulsed pump field inside a cavity containing a Kerr nonlinearity. The dynamics of the device is modeled as a kicked nonlinear system. The pulsed parametric amplifier constitutes the kick. In between kicks the dynamics is determined by the Kerr nonlinearity and damping. In the absence of damping, a classical description of the device exhibits a rich phase-space structure including fixed points of multiple period and chaos. We contrast the classical behavior of the mean intensity with that predicted by quantum dynamics. The mean photon number inside the cavity is shown to undergo regular collapse and revival in the regular region of the phase space and irregular revivals in the chaotic region. When damping is included, the quantum recurrences are rapidly suppressed, and the classical behavior is restored. In this case a stable steady state is possible. The damping represents the effect of photon-number measurements on the system. We also discuss the photon statistics in the steady state.
I. INTRODUCTION
Classical chaotic behavior is drastically modified if not eliminated by quantization.
For example, the energy diffusion exhibited by the kicked rotor in the globally chaotic region does not survive in the quantum model [1, 2] . The difFusion is suppressed due to complicated interference effects reminiscent of Anderson localization [3] . In this phenomenon we see the signature of quantum coherence, a feature at the heart of the less intuitive aspects of quanturo mechanics. However, the quantum behavior can reAect the classical dynamics, be it regular or chaotic. This is quite evident in the dynamics of periodically kicked nonlinear Hamiltonian systems. Early work focused on the change in the quasienergy statistics of the quantum problem as the corresponding classical realization moved into the chaotic region [4] . More recently it has been shown that the classical transition to chaos is reAected in the appearance of irregular collapses and revivals in the evolution of certain moments [5] .
It has proved very difficult to find experimental realizations of kicked Hamiltonian models that exhibit chaos. The one example to date is the microwave ionization of hydrogen, where the quantum suppression of diffusion appears to have been confirmed by experiment [6] In this paper we discuss a simple optical system that realizes the perturbed twist map [7] . The system may be modeled classically or quantum mechanically with dissipation included in both cases. Consider a single-mode field propagating in a cavity (or fiber) containing a Kerr medium (which exhibits an intensity-dependent refractive index). This single-mode field is well described in terms of a simple harmonic oscillator. The effect of the nonlinearity is then to introduce an energy-dependent phase shift of the oscillator's complex amplitude, that is, a rotational sheer in the phase plane [8] . The mode is periodically "kicked" by parametric amplification, which for a very short time turns the origin in phase space into a hyperbolic fixed point, thus stretching and shrinking the phase plane in orthogonal directions. Such devices produce squeezed states and now operate successfully in a number of laboratories [9] . This device might be constructed as a cavity containing the Kerr medium and a parametric amplifier pumped by an intense periodically pulsed field external to the cavity. See Fig. 1 We will assume that the pump is turned on and off so rapidly compared to the free dynamics that the Hamiltonian describing the parametric process may be approximated by Hp&=H& g 5(t -nr), where~is the period of free evolution between each pump pulse. The effect of the parametric process is then from Eq. (1.7) given by a (t"+ ) =a (t")coshr +at(t")sinhr, (1.9) where t"+ (t")is the time just after (before) the passage of the nth pulse and r is the effective parametric constant for the pulse. 
There are a number of ways to give a classical description of the model presented above. We adopt the procedure of replacing the operators (a, a ) and (X"X'2) by classical commuting phase-space variables (a, a*) and (X&,X2) [11] . The This unitar matri y 'x element is zero if m -n is odd, otherwise the explicit form is given in Ref. [7] . Of is paper are the moments of the intracavit photon number, cavi y kick number (c) n"= g n "p"", hoton number for the parameters in FICr. 8 [7] . The gain parameters used in this paper are relatively modest corresponding to squeezing of between 30% and 56%o. These values have been achieved experimentally [9] . The nonlinear phase-shift parameter p, is a scale parameter and fixes the photon-number scale of the model. Typical values of p (10 ' ) would lead to quite large photon numbers but possibly within reach of a pulsed pump field.
There have been a number of papers recently discussing the effect of measurement on the quantum features of a classically chaotic systetn [13 -15] . The model of this paper is in fact an example of how monitoring a nonlinear quantum system may restore classical behavior. In our model it is necessary to measure the photon number continuously. This is usually done by a demolition counting scheme in which the photon detection process represents a linear loss term from the cavity. This linear loss is well modeled at optical frequencies by precisely the master equation of Eq. (3.1). (See, for example, Ref. [16] and references therein. ) Thus we conclude that the effect of measurement is to modify both the quantum and classical dynamics but that the predictions of both models are arbitrarily close the more closely (that is the larger is y ) the system is monitored. Of course there may be other forms of number measurements based on quantum nondemolition schemes that do not have as much of an effect on the quantum dynamics. We are currently investigating the application of such schemes to the model of this paper.
